Surface Densities of Langerhans Cells in Relation to Rodent Epidermal Sites with Special Immunologic Properties  by Bergstresser, Paul R. et al.
0022-202X / 80/ 7402-0077$02.00/0 
THE JOURNAL OF i NVESTIGATIVE DERMATOLOGY, 74:77-80, 1980 
Copyright © 1980 by The Williams & Wilkins Co. 
Vol. 74 , No.2 
Printed in U.S.A. 
Surface Densities of Langerhans Cells in Relation to Rodent Epidermal 
Sites with Special Immunologic Properties 
PAUL R. BERGSTRESSER, M .D ., CHRISTOPHER R. FLETCHER, M.D., AND J. WAYNE STREILEIN, M .D. 
Departments of Internal Medicine and Cell Biology. The University of Texas Health Science Center at Dallas, Dallas, Texas, U.S.A. 
Epidermal Langerhans cells bear surface receptors 
which implicate them as immunocompetent cells and 
they are now felt to play an important role both in 
delayed hypersensitivity and in skin allograft reactions. 
To determine the relationship between Langerhans cell 
availability and certain immunologic phenomena, sur-
face densities were determined by ATP-ase and gold 
uptake in 3 rodent species: guinea pig, hamster, and 
mouse. Surface densities in epidermal specimens from 
the ear, back, foot pad, and buccal mucosa varied be-
tween 600 and 1500 cells/mm2• Significantly fewer cells 
were found in the hamster c.heek pouch (130 cells/mm2) 
and in the mouse tail (110 cells/mm2 for C57BL/6J; 260 
cellsjmm2 for BALB/c nu/nu). Langerhans cells were 
absent from the central portion of the cornea in all 3 
species. Decreased Langerhans cell surface density may 
contribute to immunologic privilege as has been ob-
served for the cornea and hamster cheek pouch and to 
the unusual allograft characteristics of mouse tail skin. 
Epidermal Langerhans cells have been implicated as pivotal 
antigen processing cells in the induction and expresion of de-
layed contact hypersensitivity reactions [1-4]. Since the exper-
imental transfer of delayed hypersensitivity with peritoneal 
exudate cells by Lansteiner and Chase [5], contact hypersensi-
tivity has served as a useful model for the study of cell-mediated 
immunity. In 1968 Macher and Chase established that cuta-
neous sensitization to picryl chloride occurs after a several hour 
latency period dw-ing which small but significant amounts of 
immunogen remain at the peripheral site of application [6]. 
This highly reactive chemical readily forms complexes with 
epidermal proteins and it was presumed that putative hapten-
epidermal protein complexes comprise a peripheral sensitizing 
reservoir. Assignment of participating protein molecules to cells 
within the epidermis was not addressed [7,8]. 
In 1973, Silberberg identified lymphocytes in direct contact 
with Langerhans cells in sites of allergic contact dermatitis 
reactions and suggested that Langerhans cells might play a role 
in the development of delayed contact hypersensitivity [1]. 
Silberberg and her associates then traced the movement of 
antigen-bearing Langerhans cells from the dermis, where ferri-
tin had been injected, to dermal lymphatics, ultimately reaching 
the draining regional lymph nodes [9-11]. Subsequently, Shelly 
and Juhlin observed in vitro a preferential accumulation of 
each of 10 different sensitizing materials within the Langerhans 
cells of epidermal whole mounts [12]. A series of recent studies 
now identify Langerhans cells as having functional character-
istics of macro phages. Human Langer hans cells bear Fe and C3 
receptors [13]. They take up and degrade exogenously applied 
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proteins [14]. Guinea pig [15] and mouse [16] Langerhans cells 
bear Ia antigens, and human Langerhans cells bear B-cell 
alloantigens (17]. Recently Sting!, et al reported similarities 
between macrophage-lymphocyte interactions and Langerhans 
cell-lymphocyte interactions [2]. In that study antigen-pulsed, 
Langerhans cell enriched epidermal cells induced in vitro, a 
marked proliferative response by syngeneic T lymphocytes; the 
response was abrogated by pretreatment of the Langerhans 
cells with anti Ia antisera and complement. 
Under the hypo'thesis that Langerhans cells are essential to 
the induction of delayed contact hypersensitivity, we asked 2 
questions for experimental verification: (1) Do Langerhans cells 
have a uniform distribution over the cutaneous surfaces of 
several rodent species, and (2) Is the surface density of Langer-
hans cells altered at sites of immunologic privilege: cornea and 
hamster cheek pouch. 
MATERIALS AND METHODS 
Animals 
Three animal species were chosen: Syrian hamster (MHA and CB 
inbred strains), guinea pig (albino and red outbred strains), and mouse 
(C57BL/6J, A/Jax and BALB/ c nu/ nu), all domestically produced. 
Tissue Procurement 
Animals were sacrificed with ether anesthesia. Body wall (dorsal 
surfaces) and ear ski~ was depilated by a 5-min exposure to thioglycotic 
acid with calcium hydroxide in a lotion base (Neet; Whitehall Labora-
tories, New York). Residual hair was scraped off with a blunt spa tchula 
and the skin surface was washed thoroughly with tap water. Split 
thickness epidermal-dermal specimens were obtained .frOJll .hol,ly wall 
skin with Castroviejo Keratotome sat at():3 mm;1~ar shln was separated 
from the underlying cartilage by blunt diS&ec~iQ.ri,.Corn~ were ex{;is~d • 
fTom the eye by scalpel; the surrounding timbic structures were usually 
r.emoved. Whole hamster cheek pouch~ts were excised trOGl the under: 
lying connective tissue. Mouse tail skin was split with a longitudinal 
incision and removed from the und~rlying tissue with blunt dissection. 
Buccal mucosa from the mouse and guinea . pig was excised . from 
underlying connective tissue. · 
Mouse epidermis was exquisitely fragile and specimens would shred 
frequently dming dermal-epidermal separation. Better results were 
obtained by shaving the hair, keratoming the skin and then applying a 
thin layer of cyanoacrilic cement (Loctite group, Cleveland, Ohio) to 
the skin sw·face. This prevented hydration of the stratum corneum in 
the separatim1 media and provided a rigid structural support for the 
epidermis during sepru·ation. 
Epidermal Separation. & Langerhans Cell Identification 
ATP-ase: Epidermal specimens were separated fn>m the underlying 
dermis by incubation in EDTA at 37° with the method of Baumberger, 
Suntzeff and Cowdry [18], as modified by Juhlin and Shelly [19]. 
Hamster and guinea pig specimens were fn,ed in 4% formaldehyde with 
cacodylic acid and stained for nucleoside triphosphatase according to 
the method of Juhlin and Shelly [19]. Mouse specimens were fixed and 
stained with the method of MacKenzie and Squier [20]. 
Gold: Epidermal specimens were separated from the underlying 
dermis with incubation in sodium thiocyanate and the epidermal por-
tion strained with gold with the method of Juhlin and Shelly [19]. 
Mount1:n.g and Enumeration: After the final rinsing, epidermal spec-
imens were dehydrated through graded alcohols, followed by xylene, 
and were mounted with Permount (Fisher Scientific Co .. Fair Lawn, 
N.J.) , basal layer up on micro cope slides. Specimens could be examined 
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at a ll powers for t he enumeration of stained dendritic cells. At either 
oil immersion power (1000X) or high dry power (400X) an area to be 
counted was defined with a 10 division by 10 division optical grid 
(American Optical Co., #1408A). Areas to be counted were selected for 
interfollicular regions of even staining and regular distribution of posi-
tive cells. 
Calibration: Calibration of the optical grid was accomplished with 
a micrometer (American Optical Co., #400) . At 1000 power the grid 
covered an area of 98fL X 98fL (9.6 x 103fL2 ). Each cell within the grid 
represented 104 cells/mm2• At 400 power the grid covered an area of 
252fL X 2521' (63.5 x l03fL2). Each cell within the grid represented 15.9 
cells/mm2. 
RESULTS 
Langerhans cells were demonstrated with ATP-ase in whole 
mounts of body wall epidermis from all 3 species. At low power 
(lOOX) these cells exhibited a regularly spaced distribution 
across the specimen, and at oil-immersion power (lOOOx) their 
fine dendritic processes radiated out from a central body. The 
remainder of each epidermal specimen, which was made up of 
keratinocytes, developed a faint brown color which was easily 
contrasted with the dark brown stain of each Langerhans cell. 
Occasionally, nondendritic ATP-ase positive cells were seen, 
both singly and adjacent to the dendritic processes of Langer-
hans cells themselves. 
Results with gold uptake were more variable, and frequently 
less than half of each specimen was suitable for counting. In 
these areas short, blunt dendritic processes radiated from the 
central cell bodies of regularly spaced red-black cells. In other 
areas cells failed to take up the gold or nonspecific background 
staining obliterated Langerhans cells completely. Successful 
staining of mouse Langer hans cells was not achieved with gold. 
Hamster 
Langerhans cells were visualized in whole mounts of hamster 
epidermis from the back, ear, sole of foot and cheek pouch with 
the ATP-ase reaction (Table I). Between 10 and 40 represent-
ative fields were examined in multiple specimens from 2 ham-
sters for the back, ear, and cheek pouch and averaged 1300, 620 
and 130 cells/mm2 respectively. For the foot pad 760 cells/mm2 
were observed in one specimen. 
Langerhans cells seen in the hamster cheek pouch were 
unique in several ways As well as being reduced 5- to 10-fold in 
surface density, their dendritic processes were more numerous, 
and more arborized. Surface densities were not uniform across 
each specimen; areas of increased and decreased cell density 
did not correspond to any anatomic landmark. In the counting 
procedure a linear series of adjacent sites was examined to 
insure that the mean surface density reflected an entire surface 
and not a regional density. The mean density and standard 
deviation with ATP-ase was 130 ± 25 cells/mm2. The uneven 
distribution was apparent visually within a narrow range; 95% 
of the fields examined contained between 80 and 180 cells/mm2• 
Furthermore, in no fields were Langerhans cells absent, nor did 
they achieve a density comparable to body wall skin. 
A TP -ase positive dendritic cells could not be found in three 
specimens of hamster cornea. In each case, the entire corneal 
specimen was examined. 
With the gold technique, Langerhans cells averaged 1100, 
620, 140 and 670 for the hamster back, ear, cheek pouch, and 
foot pad respectively (Table I) . In one corneal specimen stained 
with gold, Langerhans cells were not observed. 
Guinea pig 
Langerhans cells were found in the epidermis of back, ear, 
buccal mucosa and foot pad skin of guinea pigs utilizing the 
ATP-ase reaction (Table II). Mean values were 1460, 990, 950 
and 830/mm2 respectively. No Langerhans cells were seen in 2 
specimens of corneal epithelium from the same guinea pig. The 
gold reaction was evaluated on the back, ear, and cornea (Table 
IV) . Langerhans cell densities were 1540, 970,and none/mm2 
respectively. 
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TABLE I. Surface densities of Langerhans cells in 
hamster epidermis 
Site Technique Specimens" Cells/Field" Cells/nun' counted (Mean± 1 SD) 
Back ATP-ase 4 12.5 ± 1.4 1300 
Gold 9 10.6 ± 1.5 1100 
Ear ATP-ase 6 6.0 ± 0.9 620 
Gold 4 6.0 ± 0.8 620 
Cheek ATP-ase 6 8.0 ± 1.6 130 
pouch Gold 1 9.0 ± 1.2 140 
Foot ATP-ase 1 7.3 ± 0.8 760 
pad Gold 1 6.4 ± 1.2 670 
Cornea ATP-ase 3 None None 
Gold 1 None None 
"Between 10 and 40 fields counted in each specimen. 
"Field size for cheek pouch was 6.25 x 104fL (400x) and 9.6 x 103J.L2 
for all other sites (1000X). 
TABLE II. Surface densities of Langerhans cells in guinea 
pig epidermis 
Site Technique Specimen (I Cells/Field' Cells/mm2 counted (Mean± 1 SD) 
Back ATP-ase 3 14.1 ± 1.6 1460 
Gold 2 14.8 ± 1.6 1540 
Ear ATP-ase 1 9.5 ± 1.1 990 
Gold 1 9.3 ± 1.1 970 
Buccal ATP-ase 1 9.1 ± 1.1 950 
Mucosa 
Foot Pad ATP-ase 8.0 ± 2.0 830 
Cornea ATP-ase 1 None None 
Gold 2 None None 
"Between 10 and 40 fields counted in each specimen. 
'Field size was 9.6 x 103fL 2 (100X). 
TABLE III. Surface densities of A TP-ase positive cells in 
mouse epidermis 
Site 
Back 
Ear 
Buccal 
Mucosa 
Foot pad 
Cornea 
Cells/Field (Mean ± 1 SD)'·' 
Cells/mm2 
Specimen 1 Specimen 2 
C57BL 7.8 ± 1.3 6.9 ± 1.6 760 
A/Jax 9.3 ± 1.3 7.6 ± 1.8 880 
C57BL 4.2 ± 0.8 4.8 ± 0.9 470 
A/Jax 8.0 ± 1.8 9.8 ± 2.1 930 
Nude 8.7 ± 1.2 9.8 ± 1.1 960 
C57BL 7.1 ± 1.2 6.2 ± 1.0 690 
A/Jax 6.1 ± 2.8 7.1 ± 2.1 690 
C57BL 6.8 ± 0.6 9.0 ± 1.9 820 
A/Jax 10.3 ± 2.0 10.1 ± 1.0 1060 
Nude 12.9 ± 1.7 12.7 ± 1.9 1330 
C57BL None None None 
A/Jax None None None 
Nude None None None 
"C57BL: C57BL/6J; A/Jax: A/Jax; Nude: BALB/c nu/nu. 
'Ten fields counted in each specimen. 
" Field size was 9.6 X 103fL 2 (1000X). 
TABLE IV. Surface densities of A TP-ase positive cells in mouse 
tail epidermis 
Mouse strain 
C57BL/6J 
BALB/c nu/nu 
Cells/nun' (Mean ± 1 SD)"·' 
Whole tail 
110 ± 15 
260 ± 40 
Interscale area 
275 ±55 
550 ± 80 
"Data are expressed on the basis of total surface area and interscale 
surface area. 
' Ten scale areas were counted in each specimen. 
Mouse 
Langerhans cells were identified with the ATP-ase reaction 
in mouse ear, back, buccal mucosa, tail, and foot pad (Table 
III). These data have not been combined for the 3 strains 
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studied since there appears to be a strain-specific difference 
between the C57BL/ 6 animals and the 2 albino strains. This is 
particularly evident in the ear and tail specimens (Table IV) . 
Langerhans cells were enumerated in tail specimens from 
both C57BL/6 and Nude mice (Table IV). Epidermal regions 
which contained Langerhans cells formed a grid-like network 
which swTounded central islands devoid of stained cells as has 
been previously reported (21]. Each central island constituted 
an individual scale. Scattered melanocytes with fine, long, black 
dendritic processes were seen in the C57BL/6 tail and were not 
visualized in the albino Nude strain. Surface densities of Lan-
gerhans cells were determined with respect to the total surface 
area and the interscale portion in which they were found (Table 
IV). In the C57BL/6 and Nude strains the scale surface area 
represented 59% and 53% of the total tail surface areas respec-
t ively. 
No Langerans cells were observed in mouse corneas from all 
3 strains. However, when limbic epithelium remained with the 
corneal epithelium they could be identified easily at the outer 
margin of the specimen. This observation constitutes a positive 
control in the same specimen and decreases the likelihood that 
a systematic t~chnical ~allure is re~ponsible for the absence of 
ATP-ase positive cells m corneal tissue. 
The gold reaction was not reliable or reproducible in any of 
t he mouse specimens examined. Mouse skin was technically the 
most difficult to separate. With both EDTA and thiocyanate, 
and with 2 N sodium bromide and collagenase which were used 
in a concurrent study, the separation was frequently incomplete. 
In all tissues examined, nondendritic epidermal cells occa-
sionally stained with the ATP-ase reaction. Such cells were 
seen much less frequently than Langerhans cells, and they 
usually appeared to be in direct contact with Langerhans cells. 
In the corneas of all species, lightly stained non-dendritic cells 
were occasionally perceptible, but no associated Langerhans 
cells were ever seen. 
DISCUSSION 
We have identified Langerhans cells in the skin of mice, 
hamsters, and guinea pigs. With the ATP-ase reaction and with 
gold staining, the range of surface densities of dendritic cells 
varied between 600 and 1500 cells per mm2• By contrast, sig-
nificantly fewer Langerhans cells were found in the hamster 
cheek pouch; surface densities of 130 cells per mm2 in the cheek 
pouch represented only 1/ 10 the density found at other hamster 
cutaneous sites. Similarly, surface densities of Langer hans cells 
in mouse tail skin were significantly reduced. When calculated 
on the basis of total tail surface 110 and 260 cells per mm2 were 
observed in the C57BL/6 and Nude strains respectively. When 
calculated on the basis of the interscale areas in which they are 
exclusively found, Langerhans cell density ranged between 275 
and 550 cells/mm2 • The most striking finding was that Langer-
hans cells were never observed in corneas from any of the 3 
animal species with either histochemical technique. 
The surface density of Langerhans cells observed in this 
study are similar to those observed in certain tissues by earlier 
investigators. Billingham and Medawar first counted Langer-
hans cells in guinea pig ears with the gold technique [22], and 
densities ranged from 900 to 1100 in 3 animals. In a more 
extensive study, Wolff and Winkelmann investigated the re-
gional distribution of Langerhans cells in guinea pigs, using the 
nucleoside triphosphatase reaction in 2 N sodium bromide 
separated skin samples [23]. For both red and albino guinea 
pigs a relatively uniform density was observed in 3 sites (ear, 
back and abdomez'l), with no differences between those with 
and without active melanocytes: red guinea pig-ear: 974 ± 68; 
back: 922 ± 62; abdomen: 884 ± 33; albino guinea pig-ear: 941 
± 85; back: 889 ± 67; abdomen: 915 ± 46. With respect to the 
cornea, dendritic cells with Bii·beck granules were consistently 
absent in electron microscopic studies of corneal epithelium 
[24]. Furthermore, Klareskog et al have recently identified Ia-
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positive dendritic cells in albino guinea pigs only at the periph-
ery of the cornea and over the limbus [25]. This corresponds 
well with our finding of ATP-ase positive dendritic cells only at 
the corneal margin and limbus. 
We realize that there may be some controversy over the 
specificity of the ATP-ase reaction for identifying Langerhans 
cells in the epidermis. While virtually all cells possess plasma 
membrane ATP-ase activity, our method selects for Langerhans 
cells by virtue of their greater specific activity. It should also be 
kept in mind that in mouse and hamster skin, melanocytes are 
only present in hair follicles . Thus, the dendritic cells we 
identified in the interfollicular regions outside of the mouse tail 
could not have been of the m elanocyte type. In guinea pig 
epidermis, our method fails to stain melanocytes which can 
easily be identified in the same specimen and in untreated 
specimens by their fme, black, dendritic processes. It seems 
reasonable, therefore, to assume that the dendritic cells we 
studied were those described originally by Langerhans. 
The variations in swface density ofLangerhans cells we have 
documented are intriguing. If Langerhans cells are indeed im-
portant in the induction and expression of contact hypersensi-
tivity, then it may not be a trivial observation that the corneas 
of all species tested are devoid of these cells, while the cheek 
pouch of the hamster and the skin of the mouse tail are 
drastically reduced in Langerhans cell numbers. In fact, each of 
these tissues is linked to an interesting immunologic phenom-
enon. The cornea and the hamster cheek pouch are both 
regarded as immunologically privileged sites; that is, grafts of 
allogeneic skin or tumors fr equently survive at these sites 
considerably longer than do comparable grafts placed orthotop-
ically [26]. This unique circumstance results from special char-
acteristics of these graft sites; in the case of the cornea, both 
lympha tic and blood vascular drainage n·om the corneal stroma 
is lacking [27], and this is thought to prevent antigen recognition 
at systemic immunocompetent sites. In the case of the hamster 
cheek pouch , absence of a lymphatic drainage pathway to a 
regional lymph node is thought similarly to prevent immune 
recognition of foreign antigens placed within the pouch epithe-
lium (28]. Recent evidence suggests that graft antigen may 
actually leak from immunologically privileged sites directly into 
the blood vascular tree and thereby make impact on the host's 
immune apparatus without passing through a draining lymph 
node [29,30]. As a consequence, the immune response elicited 
is suppressive and protective of the graft, rather than aggressive 
and destructive. In the cheek pouch , and especially in the 
Langerhans cell deficient cornea, the paucity of resident Lan-
gerhans cells may make effective processing and presentation 
of foreign antigens placed at these sites very inefficient. We are 
thus attracted to the hypothesis that immunologic privilege as 
it is found in the cornea and the hamster cheek pouch may 
result from 3 related and synergistically acting factors: (1) an 
absent lymphatic drainage route prevents antigen presentation 
at a regional lymph node; (2) Langerhans cell deficiency permits 
antigen to pass dii·ectly through the epithelium without effec-
tive, immunologically-relevant presentation; and (3) antigen 
gains access directly to the vascular tree where its systemic 
impact is to induce a suppressing and inhibiting response, rather 
than a positive response, capable of ridding the body of that 
an tigen. 
Reduced Langerhans density in tail skin epidermis is also an 
interesting observation. While the tail has never been regarded 
as an immunologially privileged site, it is generally agTeed by 
transplanters that allografts prepared from tail skin are rejected 
by recipient mice much less aggressively than are counterpart 
grafts prepared n·om body wall skin [31]. Since Langerhans 
cells are the predominant, if not exclusive, cell within the 
epidermis bearing Class II or Ia antigens of the major histocom-
patibility complex, skin deficient in these cells would be ex-
pected to be less efficient at presenting histocompatibility an-
tigens. Class II antigens are powerful lymphocyte activators 
and are required fo.r lymphocyte-lymphocyte and lymphocyte-
80 BERGSTRESSER, FLETCHER, AND STREILEIN 
macrophage interaction important in the development of an 
immune response. 
Recently, we have discovered convincing evidence of this 
effect of Langerhans cells by studying the capacity of corneal 
epidermis to function as an allograft. Corneal allografts from 
donor mice that differ from their recipients at Class I (KI D-
like) major histocompatibility antigens are readily rejected 
when placed on thoracic wall graft beds; and they induce a 
specific state of immunity which is revealed by the fact that 
these recipients reject in second set fashion another round of 
genotypically identical grafts prepared from body wall skin. By 
contrast, corneal allografts from donors that are disparate from 
recipients only for Class II (Ia) antigens are not rejected within 
45 days of grafting to thoracic beds; moreover, a second round 
of genotypically identical grafts prepared from donor body wall 
skin are rejected by these hosts in fust set fashion, indicating 
that prior experience with the corneal allograft failed to sensi-
tize to the appropriate Class II antigens.* 
We are thus drawn to the conclusion that extreme variation 
in surface density ofLangerhans cells is an important realization 
from several standpoints. In the first place, if Langerhans cells 
play a preeminent role in processing foreign antigens placed 
upon the skin, then antigen application to sites depleted in 
Langerhans cells might be expected to fail to sensitize. It is 
even possible that antigen placed in Langerhans cell poor sites 
might overcome and obliterate an already established state of 
hypersensitivity. T he therapeutic implications of this possibility 
are far-reaching. In the second place if Langer hans cells are the 
only source of Class II (Ia) antigens expressed within the skin, 
then tissue typing which identifies donor/host compatibility for 
Class I (HLA-A,B,C-like) antigens might be sufficient to ensure 
successful grafting while HLA-D/DR matching would be irrel-
evant, whether the clinical situation involved (1) a burn unit 
where skin .allografts play an important role in providing pro-
tective dressings until the patient's own skin grows back in 
sufficient quantity, or (2) an ophthalmologic surgical unit where 
corneal transplantation is conducted. It is not unimportant in 
this regard to recognize that Langerhans cells can be acutely 
eliminated from the skin by an ultra-violet irradiation regimen 
of quite modest intensity.t Experiments to test these hy-
potheses are currently underway. 
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